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Abstract

VO2(B) nanoplates and nanorods have been successfully synthesized via a hydrothermal process by using V2O5 as vanadium source and HO–
(CH2)n–OH (with n¼3 and 5) as reducing and structure directing agents. The morphology, the structure, the crystallinity and the composition of
the materials were investigated by X-ray diffraction (DRX), scanning electron microscopy (SEM), Raman spectroscopy, X-ray photoelectron
spectroscopy (XPS) and nitrogen adsorption/desorption isotherms respectively have been used. The optical properties of the as-synthesized
VO2(B) were investigated by UV–visible absorption and photoluminescence. Electrochemical measurements have revealed reversible redox
behavior with charge–discharge cycling corresponding to the reversible lithium intercalation/deintercalation.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

One-dimensional (1D) nanostructures, such as nanobelts,
nanorods, nanowires and nanotubes, have considerable interest
due to their fundamental research importance and the wide
range of their potential applications in nanodevices [1–7]. These
materials have exhibited novel optical, electrical, magnetic,
mechanical and energy conversional properties, which were
different from those of bulk materials [8]. Among them, metal
oxide nanostructured materials can exhibit unique chemical
properties due to their limited size and a high density of corner
or edge surface sites [9]. These properties make nanostructured
metal oxides useful for a wide range of applications including
lithium ion battery [10–14]. Vanadium oxides VOx (V2O5, VO2,
V2O4, V3O7. H2O, V2O3, V6O13) [15] are interesting electrode
materials for lithium ion batteries because of its typical
intercalation structure, low cost and tunable oxidation state
(from +2 to +5). Among these, VO2 and V3O7 �H2O have
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attracted much attention due to its potential application in
transistors, electrical and optical switch devices and lithium
ion battery [16–18]. VO2(B) is one of vanadium dioxide
polymorphs [6]. Since the discovery of the metal-semi-
conductor transition in VO2 by Morin [19], this new frontier
attracts many eyes of different researchers. The motivation is
that VO2 can be used in different areas, such as temperature
sensing devices, optical switching devices, modulator, and
polarizer of sub-millimeter wave radiation, optical data storage
medium, energy efficiency windows, etc. [20–21]. VO2(B), with
a metastable monoclinic structure, is a promising electrode
material to be applied in lithium ion batteries, owing to not only
its proper electrode potential but also its tunnel structure,
through which lithium ions can make intercalation and deinter-
calation in reversible lithium-ion batteries [22]. And good
capacity retention on cycling also makes it an attractive cathode
for rechargeable lithium-ion batteries [23].
Several synthetic ways such as microemulsion-mediated

systems, arc discharge, laser-assisted catalysis growth, solu-
tion, vapor transport, and solvothermal and hydrothermal
methods have been successfully explored to fabricate various
kinds of nanostructured vanadium oxides and their derived
compounds. As one of the solution methods, the hydrothermal
ghts reserved.
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method has been extensively used for the synthesis of
inorganic compounds. Previously, various kinds of vanadium
oxide nanostructures such as nanowires, nanobelts, nanorods,
nanotubes, nanostructured foam, and nanoribbons have been
reported [24–31]. In this paper, we described a simple one step
hydrothermal route for the synthesis of VO2(B) nanoplates and
nanorods using HO–(CH2)n–OH with n=3 and 5 as a reducing
and structure-directing agents agent for the first time. The
electroactivity of the VO2(B) nanorods has been investigated.
Cyclic voltammetric characterization of thin films of the
nanostructured VO2(B) has revealed reversible redox behavior
with charge–discharge cycling corresponding to the reversible
lithium intercalation/deintercalation into the crystal lattice of
the VO2(B). The as-synthesized nanoplates and nanorods
exhibit good electrochemical behavior and promising to be
used in lithium-ion battery.
2. Experimental section

2.1. Hydrothermal synthesis

All of the chemical reagents were purchased from Acros and
used without further purification. Vanadium (V) oxide was
used as vanadium source. The organics reagents, 1,3-propane-
diol and 1,5-pentanediol have been used as templates for the
first time. VO2(B) nanoplates and nanorods were hydrother-
mally synthesized, from a mixture of V2O5, HO–(CH2)n–OH
(n=3 and 5) and distilled water (5 mL) in the molar ratio
V/diol=1:1. Reactants were introduced in this order and stirred
a few minutes before introducing the resulting suspension in a
Teflon-lined steel autoclave and the temperature set at 180 1C
for 2 days. The pH of the solution remains close to pH≈7
during the whole synthesis. The obtained black powder was
washed with acetone to remove organics residues and then
dried at 80 1C. The black color of the powder suggested that
some V5+ ions had been reduced to V4+ by decomposition of
the organic compound [32]. To investigate the formation
process of VO2(B) nanostructures, time dependent experiments
were carried out at 180 1C.
Fig. 1. XRD patterns of the samples synthesized with 1,3-propanediol at 18
2.2. Characterization techniques

X-ray powder diffraction data (XRD) were obtained on a X′
Pert Pro Panalytical diffractometer with CuKα radiation
(λ¼1.5418 Å) and graphite monochromator. The XRD measure-
ments were carried out by applying a step scanning method (2θ
range from 31 to 701), the scanning rate is 0.0171 s�1 and the
step time is 1 s. Scanning electron microscopy (SEM) study was
recorded on a Cambridge Instruments Stereoscan 120. Fourier-
transform infrared spectra (FTIR) were recorded from 4000 to
400 cm�1 on a Nicolet 380 spectrometer in pellets of samples
dispersed in KBr. Raman spectroscopy was performed using a
Jobin Yvon T 64000 spectrometer (blue laser excitation with
488 nm wavelength and o55 mW power at the sample). X-ray
photoelectron spectroscopy (XPS) experiments were performed
using a Shimadzu ESCALAB at room temperature. The Bru-
nauer–Emmett–Teller (BET) specific surface area, average pore
diameter and pore size distributions were determined by nitrogen
physisorption at 77 K using a Micrometrics ASAP-2000 instru-
ment. The optical parameters of sample were calculated from the
optical absorbance data recorded in the wavelength range from
300 to 900 nm using a UV–visible spectrophotometer Shimadzu-
3101PC. Photoluminescence (PL) spectroscopy was performed to
investigate the optical properties of the samples using a 250 mm
Jobin Yvon luminescence spectrometer. The electrochemical
measurements were carried out using one compartment cell and
a BioLogic SP150 potentiostat/galvanostat apparatus. Ag/AgCl
electrode and a stainless grid were used as reference and counter-
electrode electrode, respectively. The working electrode is a film
of VO2(B) deposited on a plate of indium tin oxide (ITO). The
operating voltage was controlled between �0.4 V and 1.0 V at
different scan rates. The electrolyte was the lithium perchlorate
1 M (LiClO4) dissolving in propylene carbonate (PC). All
measurements were performed at room temperature.

3. Results and discussion

3.1. X-ray diffraction

Powder X-ray diffraction patterns of the resulting samples
synthesized with 1,3-propanediol at 180 1C for different
0 1C for different reaction times: 1 day (a), 2 days (b) and 4 days (c).
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reaction times: 1 day (a), 2 days (b) and 4 days (c), are shown
in Fig. 1. It is obvious that the crystalline phases for vanadium
oxide nanorods are discriminatory at different reaction times.
Indeed, after a one day synthesis process (Fig. 1a), the
diffraction pattern shows the presence of VO2(B) (JCPDS
card no. 31-1438) with the presence of a peaks which are
characteristic of V3O7 �H2O (JCPDS card no. 85-2401). All
diffraction peaks can be perfectly indexed to the monoclinic
VO2(B) crystalline phase with lattice parameters a¼12.03 Å
b¼3.693 Å, c¼6.42 Å and ß¼106.61 according to JCPDS #
31-1438 when the reaction time is increased to 2 and 4 days
(Figs. 1b and c). However, Fig. 2 shows the XRD patterns of
the as-obtained samples with 1,5-pentanediol at 180 1C for
different reaction time (1–4 days). Indeed, the diffraction
pattern always shows the presence of VO2(B) (JCPDS card
no. 31-1438) and another phase which was identified as
V3O7 �H2O (JCPDS card no. 85-2401) when the synthesis
was carried out for 1 day (Fig. 2a), while the monoclinic
VO2(B) (JCPDS card no. 31-1438) has been obtained when the
reaction time¼2 and 4 days (Figs. 2b and c). No peaks of any
other phases or impurities were observed from the XRD
patterns, indicating that the monoclinic VO2(B) crystalline
phase with high purity could be obtained using the present
synthetic process. In fact, strong and sharp diffraction peaks
also indicate good crystallinity of the hydrothermal product. It
could be concluded that the reaction time has a significant
effect on the crystalline phase of monoclinic VO2(B).
3.2. Scanning electronic microscopy

The morphology of synthesized materials was investigated
by using the scanning electron microscopy (SEM). Fig. 3
shows SEM images of the samples synthesized with 1,3-
propanediol at 180 1C for different reaction times (1–4 days).
In fact, the reaction time plays an important role in controlling
the morphologies of VO2 nanostructures. It is clear that the
morphology of the material synthesized for 1 day is quite
different from those synthesized for 2 and 4 days. Indeed,
nearly plate-like morphology and a few amounts of irregular
particles were observed in the material, as shown in Fig. 3a.
When the synthesis was carried out for 2 days, a large amount
Fig. 2. XRD patterns of the samples synthesized with 1,5 pentanediol at 18
of regular VO2 nanoplates which became predominant deco-
rated by rod morphology were synthesized (Fig. 3b). An
increase in the reaction time brings about a change in the
morphology of products. In addition, when the synthesis was
carried out for 2 days the observation by scanning electronic
microscopy shows that the as obtained sample is made of a
homogenous phase with particles uniformly sized which dis-
play plate-like morphology (Fig. 3c). It was found that the
different structure-directing agents lead to the different
morphologies of samples as shown in SEM micrographs
(Fig. 4). Indeed, when 1,5 pentanediol was used as the
structure-directing agent for 2 days, the synthesized VO2(B)
had a nearly rod morphology and a few amount of irregular
particles of VO2(B) (Fig. 4a). It is clear that the morphology of
the material synthesized for 1 day is quite different from those
synthesized for 2 and 4 days. In fact, it is observed in Figs. 4b
and c that the as-obtained VO2 is made of a homogenous phase
with particles regularly sized and which display typical rod-
like morphology with a width ranging from 50 nm to 80 nm
and several micrometers in length. The synthesis parameters,
such as reaction time played an important role in controlling
the purity and morphology.
3.3. Infrared spectroscopy

The structure information was further provided by FTIR
spectroscopy. It allows characterizing and evaluating the
apparition and the disappearance of the chemical functions
from the vibration modes of the liaisons of the molecules.
Similar characteristics can be seen in the infrared spectra of the
samples. Fig. 5 shows the FTIR spectra of the VO2(B)
nanoplates and nanorods prepared at 180 1C for 2 days using
1,3-propanediol and 1,5-pentanediol. The analysis of the
spectra shows the existence of bands relating to the vana-
dium–oxygen stretching vibrations between 400 and
1100 cm�1. Indeed, the situated band about 1002 cm�1 is
attributed to the vanadyl VQO stretching vibration [32]. The
shift in this band compared to that for V2O5 (1025 cm�1) is
consistent with the reduced state of vanadium in VO2(B) [32].
However, the situated bands to 848 and 530 cm�1 are assigned
to the in-plane and out-of-plane V–O–V vibrations of
0 1C for different reaction times: 1 day (a), 2 days (b) and 4 days (c).



Fig. 3. SEM micrographs of the samples synthesized with 1,3-propanediol at 180 1C for different reaction times: 1 day (a), 2 days (b) and 4 days (c).

Fig. 4. SEM micrographs of the samples synthesized with 1,5 pentanediol at 180 1C for different reaction times: 1 day (a), 2 days (b) and 4 days (c).
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deformation, respectively [33,34]. The stretching vibration and
the bending vibration of water are seen at ca. 3436 cm�1 and
ca. 1627 cm�1, respectively, originating from the water
adsorbed on the surface of the crystallites [35–37].
3.4. Raman spectroscopy

Raman spectroscopy was used to characterize this material
since this technique is suitable to obtain details of the VO2(B)



Fig. 5. IR spectra of the VO2(B) nanoplates (a) and nanorods (b) synthesized
for 2 days at 180 1C.

Fig. 6. Raman spectra of VO2(B) nanoplates (a) and nanorods (b).
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chemical structure. Raman spectra of the above samples are
shown in Fig. 6. In fact, all samples showed similar Raman
spectra. Indeed, the analysis of the spectra exhibits well
defined bands centered at around 148, 287,408, 506, 691,
839, 880 and 930 cm�1. According to the literature, these
bands can be assigned to the fundamental modes of crystalline
VO2(B) monoclinic. The band at 148 cm�1 is attributed to the
stretching mode of (V2O2)n which correspond to the chain
translation [38–40]. The bands located at 408 and 287 cm�1

are assigned to the bending vibration of the VQO bonds [41].
The band at 506 cm�1 is attributed to the triply-coordinated
oxygen (V3–O) stretching mode [37]. The band at 691 cm�1 is
assigned to the stretching vibration of the doubly coordinated
oxygen (V2–O) [42,43]. While the located bands at 839 and
880 cm�1 are assigned to the bending vibration of V–O–V
groups involving doubly coordinated oxygen's. However, the
high frequency Raman band situated at 930 cm�1 corresponds
to the terminal oxygen (VQO) stretching mode which results
from an unshared oxygen [44].

3.5. X-ray photoelectron spectroscopy (XPS)

The composition and vanadium valence state of the surface
of the as-synthesized VO2 (B) nanorods was further investi-
gated by X-ray photoelectron spectroscopy (XPS), as shown in
Fig. 7a, and the fitted-curves about V2p3/2, V2p1/2 and O1s are
illustrated in Figs. 7b and c, respectively. The XPS survey
spectrum (Fig. 7a) reveals that the sample only consists of
vanadium and oxygen (the C1s peak was appeared, which
could be due to some CO2 absorbed on the surface of the
sample). In fact, the peaks centered at 517.09, 524.12 and
530.84 eV are assigned to the V2p3/2, V2p1/2 and O1s,
respectively. The V2p3/2 peak of the sample is divided into
two peaks at the binding energies of 517.46 and 516.97 eV
(Fig. 7b), attributed to V4+ and V5+, respectively [45–49]. The
O1s core peak was divided into two peaks with the binding
energies at 529.67 and 532.87 eV, attributed to O2� and O�

species, respectively [47–50]. According to the analysis
proposed by Chao-jun Cui et al. [50], superoxide ions O–is
associated with the presence of V4+ ions. Quantification of the
XPS peak areas gives that the surface ratio of V/O in the
sample is about 0.6, which is very close to the chemical
stoichiometry of V/O in the VO2.

3.6. Optical properties

The optical properties of as-obtained VO2(B) were studied
by photoluminescence and UV–visible spectroscopy. The UV–
visible spectra of VO2(B) nanoplates and nanorods are shown
in Fig. 8. It is well-known that the band maxima of the charge
transfer transition of O-Vnþ depends on the number of O
atoms surrounding the central vanadium ion [51]. Therefore,
V5+ in tetrahedral coordination absorbs in the range 240–
350 nm, in square pyramidal coordination at 350–450 nm and
in octahedral coordination at 450–600 nm [52,53]. In fact, the
spectra exhibit a weak absorption band at around 320 nm
which can be attributed to lower energy charge transfer to V5+

species in tetrahedral coordination. However the absorption
band located at around 410 nm is attributable to the electron
transfer from oxygen atoms to vanadium in square pyramidal
coordination [54,55]. The optical band gap, Eg, can be
estimated from the following equation known as the Tauc plot
[56]:

αhν¼ ðhν–EgÞn

where n is an exponent, ν is the frequency of the incident
radiation, h is the Plank′s constant, and Eg is the optical energy
gap of the material. The exponent n can take the values 2, 3,
1/2 and 3/2 for indirect allowed, indirect forbidden, direct
allowed and direct forbidden transitions, respectively [57].
The inset in Fig. 8 presents the variation of (αhν)2 versus hν
for VO2(B) nanoplates and nanorods. The optical band gap
(Eg) can be calculated by extrapolating the linear portion of the
plot of (αhν)2 versus hν to α¼0. The Eg values of VO2(B)



Fig. 7. The survey XPS spectrum of VO2(B) nanorods (a) and core level spectra of V2p (b), and O1s (c).

Fig. 8. UV–visible absorption spectra and the (αhν)2 vs. hν plot (insert) of
VO2(B) nanoplates (a) and nanorods (b).

Fig. 9. Room temperature Photoluminescence spectra of VO2(B) nanoplates
(a) and nanorods (b).
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nanoplates and nanorods are found to be 2.59 and 2.60 eV,
respectively. The optical band gap of the sample can be
attributed to direct transition from occupied 2p bands of
oxygen to unoccupied 3d bands of vanadium in VO2(B).
Photoluminescence (PL) property can explain the nature of
the intrinsic defect in VO2(B) because the energy levels
associate with the defects populating the large band gap of
the material and producing radiative emissions at different
wavelengths. Fig. 9 shows the PL spectra of the VO2(B)



Table 1
The BET surface area, pore volume and average pore size analysis of VO2(B) nanoplates and nanorods.

SBET (m2 g�1) Vpor (cm
3 g�1) dpor (Ǻ)

Nanoplates 23 0.040 45
Nanorods 12 0.060 93

Fig. 10. Cyclic voltammetric responses of VO2(B) nanorods deposited on
ITO-covered glass slide. Voltammograms were recorded at 50 mV/s scan rate
from 1st to 50th cycles and at room temperature in 1 mol dm�3 LiClO4

aqueous solution.

Fig. 11. Cyclic voltammetric responses of m–VO2(B) nanorods deposited on
ITO-covered glass slide. Voltammograms were recorded at 50 mV/s scan rate
from 1st to 50th cycles and at room temperature in 1 mol dm�3 LiClO4

propylene carbonate solution.

I. Mjejri et al. / Ceramics International 40 (2014) 1387–1397 1393
nanoplates and nanorods under the excitation of the 325 nm Xe
lamp. However, there was no obvious difference can be found
in the emission spectra among VO2(B) samples. The morphol-
ogy changed from plate-like to rod-like only caused an
increasing in the photoluminescent peak intensity; but the
positions of the peaks hardly altered. In fact, the spectra reveal
that the samples consist of several bands with a very broad
band in the region 350–550 nm. Indeed, the peak at 379 nm
may be assigned to free-excition emission [58,59]. However,
the luminescent mechanism at 454 nm was attributed to the
electric charge transfer, corresponding to the weak energy of
VQO bond [60]. Besides, the shoulder peaks at 483 nm and
530 nm may be caused by defect energy gap [59,61].

3.7. Nitrogen adsorption

The Table 1 shows the specific BET surface area (SBET),
pore volume (Vpor) and average pore size (dpor) of nanoplates
and nanorods. Indeed, the specific BET surface area values of
VO2(B) nanoplates and nanorods are found to be 23 and
12 m2 g�1, respectively. Liu et al. prepared hollow spherical
VO2(B) material by the hydrothermal method, its specific BET
surface area reaches 13.02 m2 g�1 [62]. It is known to all that
many chemical and physical properties of products deeply
depend on both initial material size and synthetic method.
Moreover, N2 adsorption–desorption isotherms of the samples
exhibit IV-type hysteresis loops. In fact, IV-type is usually
observed with rigid bulk particles having a uniform sizes [63].
It is worthwhile to be noted that these mesopores are very
important and a key for offering more electroactive sites for an
easy access of the ions adsorption in the electrolyte improving
therefore the utilization of active materials during the charge–
discharge process. These materials are promising for chemical
and energy-related applications such as catalysts and electro-
chemical device.

3.8. Electrochemical characterization

It was reported that the electrochemical properties of the
electrode materials are influenced by many factors such as
instinctive structure, morphology, and preparation processes
[64]. Cyclic voltammetric curves shown in Figs. 10 and 11
were recorded for the 1st and the 50th cycles at room
temperature with a scan rate of 50 mV/s in the range �0.4–
1 V in 1 mol dm�3 LiClO4 aqueous solution and propylene
carbonate solution, respectively. In both media the CV data are
consistent with good stability of the as-prepared crystalline
VO2(B) nanorods coated films. In fact, in aqueous solutions
one process is observed and, after several voltammetric cycles,
the voltammetric responses remain unchanged (Fig. 10). The
voltammograms show the presence of a single redox process.
The cathodic and anodic peaks at �0.20 V and 0.40 V can be
attributed to intercalation/deintercalation process of Li+ ions in
the sample, which mainly corresponds to the reduction of V4+

to V3+ and the oxidation of V3+ to V4+, respectively. It should
be noted that the cyclic voltammetric responses recorded at
low scan rates always reveal the presence of only redox



Fig. 12. Cyclic voltammetric curves of the 1st cycle responses of VO2(B)
nanorods deposited on ITO-covered glass slide recorded at different scan rates
(5, 10, 30, 50 and 100 mV/s) at room temperature in 1 mol dm�3 LiClO4

aqueous solution.

Fig. 13. Cyclic voltammetric curves of the 1st cycle responses of monoclinic-
VO2(B) nanorods deposited on ITO-covered glass slide recorded at different
scan rates (5, 10, 30, 50, 100 mV/s) at room temperature in 1 mol dm�3

LiClO4 propylene carbonate solution.

Fig. 14. Arrangement of VO6 octahedra in VO2(B). Small and large open
cavities refer to small and large rectangular tunnel cavities, respectively.
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process (Fig. 12). However, in organic media, two redox
processes are observed and, after several voltammetric cycles,
the voltammetric responses remain unchanged. Indeed, the
sample shows two cathodic peaks at 0.28 V and �0.10 V
during the process of Li+ ion intercalation which corresponds
to two different intercalation stages. The corresponding anodic
peaks at 0.43 V and 0.83 V are assigned to the deintercalation
of Li+ ion [65]. This fact may reflect the importance of scan
rates used because, in the present work, fairly low scan rate
was applied in comparison to the value of 100 mV/s used
earlier [66]. Indeed, when the scan rate has been decreased to
5 mV/s (Fig. 13), the system's voltammetric characteristic
features are more evident thus indicating the importance of
dynamics of lithium intercalation/deintercalation occurring in
the material to provide electroneutrality. Obviously, the
cathodic and anodic peak currents increased simultaneously
with the increment of scan rate. It can be observed that the scan
rate affected the position of the redox peaks. This phenomenon
indicates the dynamics of the lithium intercalation/deintercala-
tion occurring in the material to provide electroneutrality.
Changes in kinetics of lithium intercalation/deintercalation
reflect differences in morphology at the nanoscale, namely
due to the presence of two types of one-dimensional tunnel
cavities where the Li+ cation intercalation/ deintercalation
occurs. It is noteworthy that in the arrangement of VO6

octahedra, the VO2(B) structure (Fig. 14) exhibits large
rectangular tunnel cavities where V atoms can be easily
reached by Li+ cations during redox processes. On the other
hand, the same VO2(B) structure is characterized by smaller
secondary rectangular tunnel cavities capable of limiting
migration of Li+ cations during the system's redox processes.
The fact that we observe mainly two redox processes is
probably due to the small difference in the lithium ions
insertion in the rectangular-cavities of VO2(B) nanorods. This
observation may be correlated with the fact that the intercala-
tion/deintercalation processes of Li+ is more rapid in aqueous
solution because this cation is better solvated than in more
viscous propylene carbonate. Consequently, the aqueous
medium seems to facilitate the Li+ intercalation/deintercalation
process. Moreover, when the films of VO2(B) nanorods
deposited on ITO electrode have been studied in propylene
carbonate containing NaClO4 as electrolyte instead of LiClO4

(Figs. 15 and 16), the observed electrochemical currents have
largely increased upon medium transfer from Na+ to Li+

containing electrolyte. This observation indicates that inter-
calation/deintercalation processes involving Na+ are less
effective and more difficult in comparison to those with Li+

cations. It should be remembered that the Van der Waals
radius of Na+ is larger than that of Li+ cation. In addition the
tunnel size (4.984 Å� 3.281 Å) of VO2 (B) is considerably
larger than the diameter of Li-ion (1.36 Å) and Na+ (1.75 Å)
[67]. In view of our data and previous results, it is reasonable
to expect that the diffusion process of cations is mainly
controlled by the sizes of large cavities; and to lower extent,
by the small secondary rectangular tunnel cavities. The
excellent stability of VO2(B) nanocrystallites makes it an



Fig. 15. Cyclic voltammetric responses of VO2(B) nanorods deposited on
ITO-covered glass slide. Voltammograms were recorded at 50 mV/s scan rate
from 1st to 50th cycles and at room temperature in 1 mol dm�3 NaClO4

propylene carbonate solution.

Fig. 16. Cyclic voltammetric curves of the 1st cycle responses of VO2(B)
nanorods deposited on ITO-covered glass slide recorded at different scan rates
(5, 10, 30, 50, 100 mV/s) at room temperature in 1 mol dm�3 NaClO4 propylene
carbonate solution.
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interesting possible future electrode for rechargeable
lithium cell.

4. Conclusion

Mesoporous VO2(B) nanoplates and nanorods were synthe-
sized hydrothermally via a simple and elegant route from the
mixture of V2O5 and HO–(CH2)n–OH (with n¼3 and 5) under
soft conditions. In fact, the structure directing agents played an
important role in the structure and the morphology of the final
products. Electrochemical measurements were carried out on
thin films deposited on ITO-modified glass electrodes and
revealed reversible redox behavior corresponding to partial
reduction of vanadium oxide, with charge–discharge cycling
corresponding to the reversible intercalation/deintercalation of
lithium ions into the crystal lattice of the VO2(B) nanorods.
The VO2(B) crystal structure exhibited two different tunnel
cavities leading to two successive redox processes and,
consequently to two different Li+-ion intercalation/deintercala-
tion processes. The rapid diffusion process occurred in the
large rectangular tunnel cavities where V atoms could be easily
be reached by Li+ cations during redox processes; whereas, the
slowest diffusion process occurred in the smaller secondary
rectangular tunnel cavities. This result was supported by the
observation of lower cyclic voltammetric currents measured in
propylene carbonate medium when NaClO4 was used instead
of LiClO4 as the electrolytic salt. Further, higher current was
measured for the same material and the same electrolytic salt
when the aqueous medium was used instead of the organic
propylene carbonate solvent. All these results indicate that the
resulting VO2(B) nanorods are promising cathode materials in
lithium-ion batteries.
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